Experimental and Theoretical Prediction of Ozone Yield by High Frequency Silent Discharge by Facta, Mochammad et al.
Proceeding of International Conference on Electrical Engineering, Computer Science and Informatics (EECSI 2015), Palembang, Indonesia, 19 -20 August 2015 
190 
Experimental and Theoretical Prediction of Ozone 
Yield by High Frequency Silent Discharge 
 
Mochammad. Facta; Hermawan 
Electrical Engineering Department, Universitas Diponegoro, 
Semarang – Indonesia 
facta@elektro.undip.ac.id; mochfacta@gmail.com 
Zainal Salam; Zolkafle Buntat 
Universiti Teknologi Malaysia, 
Skudai Johor – Malaysia 
 
 
Abstract—The paper uses dimensional analysis to develop a 
theoretical prediction of the yield of a high frequency silent 
discharge ozone generator at atmospheric pressure.  The 
experimental work was carried out in order to verify the viability of 
the resulting yield equation, a rectangular shaped chamber with a 
1.5 mm air gap was constructed. Aluminium mesh electrodes were 
used with metal tape and a planar mica sheet forming a dielectric 
barrier. The power supply to the chamber was from a modified 
class E resonant power inverter. It is established that predictions 
using the yield equation match closely with data obtained from the 
experimental findings 
Keywords—silent discharge; resonant converter, ozonizer; 
dimensional analysis. 
 INTRODUCTION  
Ozone gas is becoming increasingly important as an oxidising 
and bleaching agent, as it leaves no harmful residuals in the 
global environment. It has found wide application in many water 
treatment, pharmaceutical and other applications [1, 2], and the 
most economical method of generation has been found to be by 
the use of an electrical discharge[2-4]. In particular, the silent 
discharge technique has emerged as possibly the most important 
process, and it has been investigated by numerous researchers 
[5-7], with a view to improving the overall yield. 
The main element of a silent discharge reaction chamber is 
the dielectric layer that covers one or both of the electrodes. The 
presence of this layer produces no sound, which leads to the 
familiar use of the term ‘silent discharge’  
It has recently been recognised that using a high frequency ac 
power supply in the range from tens to hundred of kHz is more 
efficient and leads to an increase in the discharge power applied 
to the electrodes [8-10]. This increased power leads to an 
increased electron bombardment and therefore to a greater 
number of collisions with oxygen molecules in the air gap, to 
produce more single oxygen atoms [8]. This increases the 
formation of ozone for a given surface area of the discharge 
electrodes [3] and, by effectively decreasing the required voltage 
amplitude [11], it enables the use of dielectric materials with a 
much lower breakdown voltage, such as mica, alumina ceramic 
and polymer to be investigated.  
Dimensional analysis [12, 13] is a useful tool for predicting 
the oxygen yield from a given reaction chamber [11]. To use this, 
it is first necessary to determine the significant electrical and 
geometric parameters that influence the yield and then to 
properly formulate and weight these in a mathematical model. 
Useful models have recently been developed for ozone 
generation by pulse streamer discharge [11, 14], but to date no 
corresponding analysis has been reported for the high frequency 
silent discharge. 
In a silent discharge chamber micro discharges occur during 
both halves of the supply voltage cycle [2, 15, 16] and they are 
distributed over a much greater dielectric area. This effectively 
increases the chamber capacitance when compared with a pulsed 
streamer discharge chamber, and plays a major role in 
determining the power consumption of the chamber [2, 17, 18]. 
The present paper uses dimensional analysis to predict the 
ozone yield (in g/kWh) of a high frequency silent discharge 
generator using rectangular aluminium electrodes and a mica 
sheet dielectric barrier. The power is supplied from a high 
frequency resonant inverter. Results predicted from the analysis 
are compared with practical measurements. 
METHODOLOGY 
Based on the evidence available in the literature [2, 5, 6, 16, 
19], the most significant factors influencing the ozone yield are 
the feed gas (air, dry air or oxygen) flow rate fr, the applied 
voltage V, the chamber length L, the pressure P and the applied 
frequency f. In the high frequency silent discharge approach the 
chamber capacitance Ccap is also important, and this is 
determined by the relative permittivity of the dielectric barrier 
( r), the width of the air gap inside the chamber (dg) and the 
area of the dielectric layer covering the electrodes (Asq) [18, 
20]. The power required by the camber is proportional to Ccap 
[8, 15, 17, 21].  
A general relationship between the ozone yield and the above 
parameters can be written as: 
    fP,L,,CV,, cap33 rfO=O   (1) 
where the symbols and the dimensions associated with the 
quantities in equation (1) are summarized below: 
ozone yield in g/kWh or L-2T2,  
Proceeding of International Conference on Electrical Engineering, Computer Science and Informatics (EECSI 2015), Palembang, Indonesia, 19 -20 August 2015 
191 
frequency in Hertz or T-1,  
voltage in volts or L2MT-3A-1,  
capacitance Ccap in Farads or L-2M-1T4A2,  
length of chamber in meters or L,  
pressure in Pascals  (Pa) or L-1MT-2, 
flow rate in liters per minute or L3T-1.  
 
where M, L, T and A are respectively the four fundamental 
dimensions quantities of mass, length , time and current. The 
corresponding dimensional matrix is: 
 
 O
3 
fr V Cca
p 
L P f  
L -2 3 2 -2 1 -
1 
0  
M 0 0 1 -1 0 1 0         (2) 
T 2 -
1 
-3 4 0 -
2 
-
1 
 
A 0 0 -1 2 0 0 0  
 
where the determinant of the last four columns of the matrix (2) 
is non zero with rank four. Since the number of variables is 
seven it follows that the number of dimensionless variables 
needed to characterize the system is three. Following the steps 
outlined by Buckingham [12, 13] enables the corresponding 
dimensionless matrix to be written as : 
 
 O3 fr (V) Ccap L P f   
L -2 3 2 -2 1 -1 0   
M 0 0 1 -1 0 1 0   
T 2 -1 -3 4 0 -2 -1   
A 0 0 -1 2 0 0 0          (3)    
1 1 0 0  
C 
 
2 0 1 0  
3 0 0 1  
 
From [13], C is  determined by  
C = D(A 1. B)T              (4) 
in which 
A = 2 1 1 0
1 0 1 0
4 0 -2 1
2 0 0 0
  
 
 
 
 
 
,B =

















100
312
100
232 , 
and D is the identity matrix, i.e. 
D = 










100
010
001  
Inserting A,B, and D into equation (4) gives matrix C as  
C = 0    2    0   2
0 3    0 1
1 3 1   0
2 2 2
 
  
 
 
  
 
 
and inserting this result in (3) yields 
 O
3 
fr (V
) 
Cca
p 
L P f  
L -2 3 2 -2 1 -1 0  
M 1 0 1 -1 0 1 0  
T 2 -
1 
-3 4 0 -2 -
1 
 
A 0 0 -1 2 0 0 0  (5)     
1 1 0 0 0 2 0 2  
2 0 1 0 0 -3 0 -
1 
 
3 0 0 1 1
2  
−
3
2
 
−
1
2
 
 
0 
 
         
From which it follows that  
π1=O3 L
2
f
2
         (6) 
π2=
f r
L3 f
  (7) 
and 
3
2
cap
3π =
V C
L P
  (8) 
Use of Buckingham’s theorem [12, 13], enables the behaviour of 
the system to be described by the function 
 NP321 π..., ,π,πΨ=π     (9) 
where NP is the number of dimensionless variables involved. 
Only equation (6) of equations (6) to (8) contains the dependent 
physical variables, with the ozone yield depending on the supply 
frequency and the length of the chamber. Equations (7) and (8) 
contain independent dimensionless variables. Overall, the group 
of equations constitutes a relationship among a complete set of 
dimensionless products which can be described by 
 1 2 3π π ,π=Ψ     (10) 
By considering the monomial from in reference [13], the 
dimensional less parameter leads to the relationship 
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32
1 2 3π =D  π
εε
cπ   (11) 
where Dc is a dimensional constant. Introducing equations (6)–
(8) into equation (11) enables the ozone yield to be expressed as 
3
2
3
2
cap
3 2 2 3
1
=D
ε
ε
r
c
V Cf
O
L f L f L P
   
         
  (12) 
where the constants Dc, 2 and 3 remain to be determined. The 
evidence available in the literature [5, 6, 10, 17, 18, 22] enables 
equation (11) to be simplified, since the ozone yield is 
proportional to V, f, L, and C, it is also inversely proportional to 
fr and P, hence 2 and 3 in (12) are replaced by -3 and +3 
respectively, where equation (12) may be rearranged to give 
equation (13). 
9
2
33 329 3
cap
3 2 2 3 3
1
=D
ε
ε
c
r
V CL f
O
L f f L P
       
     
  (13) 
and simplified as   
   (14) 
 
where the value of Dc is determined by the polynomial 
regression techniques described later. 
 
 EXPERIMENTAL ASSEMBLY 
To verify the mathematical model, an experimental high 
frequency silent discharge generator was constructed, 
comprising an oxygen gas feeder, an ozone chamber, a power 
supply (a high frequency resonant dc to ac inverter) and a low 
concentration ozone monitor. Figure 1 shows the discharge 
chamber, which was constructed using simple rectangular 
shaped aluminium electrodes and metal tape, with planar mica 
sheet (relative permittivity = 7, maximum electrical breakdown 
voltage 15 kV/mm) used as the dielectric barrier. The air gap 
length was 1.5 mm and the maximum operating temperature was 
up to 500oC. 
Dielectric
sheet
Hole for Phase
Terminal
Hole for Neutral
Terminal
gap
Gas
Outlet
Gas Inlet
Insulation Tape
Electrode
 
Figure 1. Ozone chamber 
The single switch resonant inverter that was used is shown in 
Figure 2. The supply voltage was stepped up by means of small 
ferrite cored transformer, with the MOSFET controlled by PWM 
IC The power source is a standard variable voltage laboratory 
supply. The frequency range of the power supply was from 27 
kHz to 32.6 kHz 
 
Figure 2. Resonant power inverter 
COMPARISON OF MATHEMATICAL MODEL WITH 
EXPERIMENTAL EVIDENCE Setup  
The gas pressure and flow rate P and fr, the applied voltage 
and frequency V and f, the chamber length and capacitance L 
and Ccap, were all held constant throughout the duration of a 
measurement period. Thus if for convenience to write 
 
3
3
53
cap
3
=K
Pf
LCfV
r
    (15) 
the equation for the ozone yield becomes simply 
O3=Dc K                                      (16) 
 It is well known [5, 6, 11, 15], that the inception voltage Vo 
(the voltage at which the discharge is initiated) is influenced by 
the type and the thickness of the dielectric materials used. This 
certainly affects the ozone production yield and the factor 
(V/Vo) must therefore be taken into account. To determine the 
influence of Vo, the values of Dc was plotted against (V/Vo) to 
provide a strand of data points. Applying a polynomial 
regression techniques [23] to this strand of data, yields.  












 0.9220.975
oo
c
V
V
V
V
=D   (17) 
 
and introducing this result (19) gives 




















 
0.9220.975
3
3
53
cap
3
3
oo
r
V
V
V
V
Pf
LCf(V)
=O   (18) 
which can be used to predict the ozone yield. 
The experiment was carried out with the length of chamber 
(L) 120 mm, flow rate (fr) 0.0167 liter per sec, capacitance 3.471 
x 10-10 F, atmospheric pressure (P) 1.01325 x 105 Pa, and the 
inception voltage (Vo) 1.25 kV peak to peak.Figure 3 shows that 
good agreement exists between the predicted and measured 
ozone yield and the applied voltage at four different frequencies. 
These confirm that at any given frequency the ozone yield 
increases as the voltage is raised. However, at low frequencies, 
below about 28.5 kHz, the yield is lower than that predicted. The 
discharge power is lower, thus reducing the movement of 
excited electrons that cause the collisions with oxygen 
 









 

33
r
53
cap
3
c3
Pf
LCfV
DO
Proceeding of International Conference on Electrical Engineering, Computer Science and Informatics (EECSI 2015), Palembang, Indonesia, 19 -20 August 2015 
193 
molecules and, resulting in fewer oxygen molecules being 
broken down to single oxygen atom [5, 10, 24] 
 
(a) 
 
(b) 
 
(c) 
 
(d) 
Figure 3. Ozone yield in  at various voltages and frequency, 
(a) 27.7 kHz, (b) 28 kHz, (c) 30 kHz (d)32.6 kHz. 
Conclusion 
1. The paper has demonstrated the use of dimensional analysis as 
theoretical tools to predict the yield for a high frequency silent 
discharge ozone generator. 
2. Based on measurements, it was found that equation that 
describes the ozone concentration is in good agreement with 
experimental result. The final equation that shows the 
relationship amongs parameters in ozone yield is finally 
obtained 
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